Generally, direct use of the natural fluorescence emission properties of nucleic acids for their structure and dynamic studies, and fluorometric determinations has been limited 1,2 due to the low fluorescence quantum yield of native DNA. A number of fluorometric methods for the determination of nuclelic acids have been established 3-9 based on the reaction in which the double helix strands of DNA molecules are intercalated by or interact with probes such as ethidium bromide, 3 mithramycin, 4 2-[2-(4-hydroxyphenyl)-6-benzimidazoly]-6-(1-methyl-4-piperazyl)-benzimidazol 5 and 4′-6-diamidino-2-phenylindole. 6 In this paper the present author reports on calcein (CC) as one of alternatives to the above-mentioned expensive reagents. The complex of CC-Nd(III) shows strong fluorescence emission at 514 nm with maximum excitation at 489 nm. In the medium of pH = 7.50, its fluorescence is significantly enhanced in the presence of nucleic acids. We have therefore employed it as a fluorescence probe and have developed a sensitive fluorometric method for the determination of nucleic acids. No report on a fluorescence enhancement for DNA by using CC-Nd(III) as fluorescence probe has appeared yet. The mechanism for the binding of CC-Nd(III) to DNA is also studied.
A novel fluorometric method has been developed for rapid determination of DNA and RNA with calcein-neodymium complex as a fluorescence probe. The method is based on the fluorescence enhancement of calcein-Nd(III) complex in the presence of DNA or RNA, with maximum excitation and emission wavelength at 489 nm and 514 nm, respectively. Under optimal conditions, the calibration graphs are linear over the range 0.5 -3.0 µg/ml for both DNA and yeast RNA, 0.4 -2.0 µg/ml for fish sperm DNA (FS DNA) and 0 -3.0 µg/ml for calf thymus DNA (CT DNA). The corresponding detection limits are 15.1 ng/ml for DNA, 21.2 ng/ml for yeast RNA, 10.5 ng/ml for FS DNA and 8.9 ng/ml for CT DNA. The interaction mechanism for the binding of calcein-Nd(III) complex to DNA is also studied. The results of absorption spectra, fluorescence polarization measurements and thermal denaturation experiments, suggested that the interaction between calcein-Nd(III) complex and DNA is an electrostatic interaction. mol/l NH3. An Nd(III) solution (1000 µg/ml) was prepared by dissolving the appropriate weight of Nd2O3 into 100 ml of 10% HCl. The solution is diluted to 100 µg/ml with water to be used as working solution.
Apparatus
An LS-30 spectrofluorometer (Perkin Elmer) was used for making fluorescence measurements.
A Hitachi 650-10s spectrofluorometer was used for recording spectra. The absorption spectrum was measured on a Shimadzu UV-240 ultraviolet-visible spectrophotometer. All the pH measurements were made with a Model PHS-3B pH meter (Shanghai, China).
Procedure
Transfer 2.0 ml of NH4Cl-NH3 buffer solution (pH 7.50), 0.40 ml of CC solution (2.5 × 10 -6 mol/l) and 0.10 ml of Nd(III) solution (100 µg/ml) to a 10 ml standard flask. Add a known volume of DNA (or RNA) standard solution. Dilute to the mark with water and mix. Measure the relative fluorescence intensities of the reagent blank (F0) and the mixed solution (F) at 514 nm with excitation at 489 nm.
Results and Discussion

Spectral characteristics of fluorescence
The recorded excitation and emission spectra of CC, CC-DNA, CC-Nd(III) and CC-Nd(III)-DNA are shown in Fig. l . In the medium of pH 7.50, CC has an emission band located at 514 nm with an excitation peak at 489 nm. When DNA (or RNA) is added, the excitation and emission maxima and band are the same as those of free CC. When Nd(III) is added, the excitation and emission maxima of the CC-Nd(III) system are similar to those of free CC, but the fluorescence intensity is significantly quenched. However, the fluorescence intensity of CC-Nd(III)-DNA is significantly enhanced when DNA (or RNA) is added. These results indicated that the CC-Nd(III) complex can be used as a new fluorescence probe for sensitive determination of DNA (or RNA). In this paper, the maximum excitation peak at 489 nm and the emission peak at 514 nm were used for fluorescence intensity measurements.
Optimization of the general procedure
The experimental results indicated that maximum and constant fluorescence enhancement was produced when the CC concentration was 1.0 × 10 -7 mol/l.
Therefore, a CC concentration of 1.0 × 10 -7 mol/l was recommended. The effect of pH on the fluorescence enhancement of the system was studied. The fluorescence enhancement reached a maximum at a pH of 7.50. This value was obtained by the addition of 2.00 ml buffer solution per 10 ml of the final solution. The effect of Nd(III) on the fluorescence enhancement of the system was tested. The results indicated that the maximal fluorescence enhancement was produced when the Nd(III) concentration was 1.0 µg/ml. The influence of incubation time on fluorescence enhancement was also investigated. The results showed that the maximal fluorescence enhancement was immediately reached when the solution were mixed and the value remained constant for 50 min. In this work, the fluorescence intensity was directly measured after the solution was mixed. For RNA, the optimum conditions were similar to those of the DNA system.
Calibration graphs
The calibration graphs for the determination of DNA (or RNA) were constructed under the optimal conditions. All the analytical parameters are presented in Table 1 Nucleic acid r RSD, % desired, So is the standard deviation of the blank measurements (N = 10) and S is the sensitivity of the calibration graph.
Determination of nucleic acids in the mixture
The nucleic acids in each mixture were determined by the proposed method. The analytical results are presented in Table  2 .
Interaction of CC-Nd(III) with DNA
In Fig. 2 , the absorption spectra of CC-Nd(III) in the presence and absence of DNA are shown. The absorption spectra of CCNd(III) with and without DNA clearly show that absorbance of CC-Nd(III) increases in the presence of DNA. In addition to the increase in the absorbance of CC-Nd(III), no other shift was observed in the spectra. This phenomenon was suggested to be due to an electrostatic interaction between the CC-Nd(III) and DNA.
Molar ratio of CC-Nd(III) complex
The determination of molar ratio on the CC and Nd(III) of CC-Nd(III) complex by equilibrium shifting method was performed according to the procedure. It can be observed that the molar ratio of complex is [CC]:[Nd(III)] = 1:1. So, the composition of the complex is CC-Nd(III).
The effects of ds DNA and ss DNA on the intensity of CCNd(III) fluorescence
Double strand DNA (ds DNA) was converted into single strand DNA (ss DNA) with the opening of its double helix by incubation at 100˚C for 10 min and immediate cooling in ice water. The effects of ds DNA and ss DNA on the fluorescence intensity of CC-Nd(III) were studied according to the procedure. The results are summarized in Table 3 . As can be seen the enhancement of the fluorescence of the CC-Nd(III) by ss DNA is similar to that by ds DNA. The fluorescence polarization of the system was also measured. The results indicated that fluorescence of CC-Nd(III)-DNA was weakly polarized. These phenomena further confirmed the presence of an electrostatic interaction between the CC-Nd(III) and DNA. mol/l; Nd(III), 1.0 µg/ml; DNA, 2.0 µg/ml.
